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Abstract
We present a new Type IIB supergravity background of the warped form
AdS4×M6 with dilaton, B-field and all Ramond-Ramond fluxes turned on. We
obtain the solution by applying non-Abelian T-duality to a certain representa-
tive of a class of AdS4 backgrounds in massive IIA supergravity. By explicitly
constructing the Killing spinor of the seed solution and using an argument in-
volving Kosmann spinorial Lie derivative we demonstrate that the background
is supersymmetric.
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1 Introduction
One of the most distintive characteristics of string theory in its aim to connect with
the real world is the need for compactification. The search for four-dimensional vacua
has, consequently, a distinguished and rich history. Although originally the focus has
been on compactifications on Calabi-Yau spaces leading to supersymmetric Minkowski
vacua, in the last decade the tools for understanding compactification with fluxes have
been developed; for a review see [1]. In this direction AdS4 vacua play a central
role as they are considered a potentially important stepping stone toward de Sitter
vacua. One of our motivations in this work is to widen the class of AdS4 vacua not
just by presenting one new background but by demonstrating the reach of a particular
solution-generating mechanism. Another motivation for the study of AdS4 vacua arises
from holography where such supergravity solutions are conjectured to be dual to three-
dimensional conformal field theories.
The main new ingredient that we exploit to construct the new solution is non-
Abelian T-duality (NATD) [2–4] . There has recently been a resurgence of interest
in non-Abelian T-duality including its systematic extension to the Ramond-Ramond
sector [5, 6]. One immediate application of this duality has been to generate solutions
from various seed backgrounds in the context of the AdS/CFT correspondence, for a
limited list see [7–12].
One of the hopes that we have in pursuing the construction of explicit solutions
using non-Abelian T-duality is that it could provide new solutions that have avoided
classification efforts in constructing AdS vacua. One such example is a new solution
with AdS5 factor [13] that defied previous classification schemes [14] which assumed
non-vanishing F5 flux. This solution stimulated work to go back and complete the
classification efforts providing further insight in some new classes of solutions [15].
This last effort brought about understanding into a class of AdS5 solutions with no D3
brane interpretation. This is an example of the synergy between NATD and the general
structure of AdS vacua in supergravity. We hope that our efforts in this manuscript
might lead to similar scrutiny in the important series of classifying solutions with an
AdS4 factor, see for example [16].
Several new solutions with AdS4 factors were recently provided in [17]; in this
manuscript we extend to a more interesting class by applying non-Abelian T-duality
to a representative background in the massive type IIA class presented in [18]. These
areN = 2 solutions of the form AdS4×M6, where the internal manifoldM6 is locally a
codimension-one foliation such that the five-dimensional leaves admit a Sasaki-Einstein
structure. Alternatively, M6 can be thought of as a two-sphere bundle over a four-
1
dimensional Ka¨hler-Einstein base.
The rest of the manuscript is organized as follows. In the next section 2 we re-
view the class of massive IIA solutions of [18]; we also discuss its “massless” limit
which provides a perhaps more intuitive form of the solution. In this section we also
present explicitly the Killing spinors which will be subsequently used to argue for the
supersymmetry of the dual solution. In section 3 we present the non-Abelian T-dual
solutions corresponding to the massless limit and to the full massive solution in Type
IIB. We conclude in section 4.
2 Massive AdS4 backgrounds
Let us start by reviewing the solutions corresponding to the class described in [18].
These are massive type IIA N = 2 solutions of the form AdS4 × M6, with M6 a
two-sphere bundle S2(B4) over a four-dimensional Ka¨hler-Einstein base B4. In the case
where B4 is a smooth manifold of positive curvature,2 these solutions can be thought
of as massive IIA deformations of the N = 2 IIA circle reductions of the M-theory
AdS4× Y p,q(B4) backgrounds of [20,21], where Y p,q(B4) is a seven-dimensional Sasaki-
Einstein manifold. The first such massive deformation was constructed in [22] and
corresponds to the special case p = 2, q = 3, B4 = CP2 (the Y 3,2(CP2) space is also
referred to as M1,1,1 in the physics literature).3
We will adopt the conventions of [25] which result in certain simplifications. The
general form of this solution is:
ds210 = e
2A(θ)ds2(AdS4) + ds
2(M6),
ds2(M6) = e2C(θ)ds2(B4) + e2A(θ)(f 2(θ)dθ2 + sin2 θ(dΨ+A)2) , (2.1)
with
f(θ) =
1
2− sin2 θe2(A−C) , (2.2)
where the two warp factors A, C obey the following system of first-order differential
2Smooth four-dimensional Ka¨hler-Einstein manifolds of positive curvature were classified in [19]:
they are CP1 × CP1, CP2, and the del Pezzo surfaces dP3, . . . , dP8.
3A closely related AdS4 × S6 massive IIA solution is that of [23]. Although S6 can locally be put
in the form of an S2 bundle over CP2, its topology is different from that of any regular S2(B4) bundle.
This can be seen e.g. by comparing their second Betti numbers. Other AdS4 backgrounds in massive
IIA have been discussed in [24].
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equations:
A′ =
1
2
tan θ
1 − sin2θ e2(A−C)
2− sin2θ e2(A−C) ,
C ′ =
1
4
sin(2θ)
e2(A−C)
2− sin2θ e2(A−C)
1 + e8A
1 + cos2 θe8A
,
(2.3)
where a prime denotes a derivative with respect to θ. For convenience, we drop the
explicit θ dependence in A(θ) and C(θ).
We now specialize to the case where the base manifold is B4 = CP2. In this
particular case the metric is given by
ds2(B4) = 3
(
dµ2 +
1
4
sin2 µ(σ21 + σ
2
2 + cos
2 µσ23)
)
, (2.4)
where we use the following definitions for SU(2) Maurer-Cartan forms,
σ1 = sinψdθ2 − cosψ sin θ2dφ2,
σ2 = cosψdθ2 + sinψ sin θ2dφ2,
σ3 = dψ + cos θ2dφ2. (2.5)
The connection that appears in Eq. (2.1) is A = −3
4
sin2 µ σ3 and it is related to the
Ka¨hler form j on B4 by dA = −j. The metric on B4 is normalized so that Rmn = 2gmn.
The NS flux is written in terms of the RR fluxes, to ensure the Bianchi identities
dFp −H ∧ Fp−2 = 0 are obeyed, which leads to
B2 = β +
1
F0
F2, (2.6)
where β is some closed 2-form. The dilaton is given by,
e2φ =
e6A
1 + cos2 θe8A
. (2.7)
The RR fluxes are given by,4
F0 = −1,
F2 =
e2C−4A
cos θ
V j − e−2AZ1(dΨ+A) ∧ dθ,
F4 =
e4C
2
Vˆ j ∧ j + 2e2A+2C cos θZ2j ∧ (dΨ+A) ∧ dθ,
F6 = −3e
4C−2A
2
sin θf(θ)j ∧ j ∧ (dΨ+A) ∧ dθ, (2.8)
4The RR fluxes, given here in the conventions of the democratic formalism, have all legs along
the internal space: they are the so-called ‘magnetic’ fluxes. There are also ‘electric’ fluxes which are
related to the above by ten-dimensional Hodge duality.
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where we have defined V = (1− sin2 θe2(A−C)), Vˆ = (2V − 1), Z1 = (sin θ + 2A′ cos θ),
and Z2 = (cos θA
′ − sin θ) and taken gs = 1, L = 1 for simplicity.
2.1 Vanishing Romans mass limit
In the following it will be useful to take the limit of zero Romans mass, which we will
call the “massless” limit of the solution. This solution has been presented in [22]. In
order to do so we must first reinstate gs and L in the solution. Moreover we define:
g˚s := L
−3gs ; e
A˚ := LeA ; eC˚ := LeC . (2.9)
With these definitions the metric reads:
ds210 = e
2A˚d̂s
2
(AdS4) + ds
2(M6),
ds2(M6) = e2C˚ds2(B4) + e2A˚(f 2(θ)dθ2 + sin2 θ(dΨ+A)2) (2.10)
with
f(θ) =
1
2− sin2 θe2(A˚−C˚) , (2.11)
where now d̂s
2
(AdS4) is the metric of an AdS space with unit radius of curvature. The
two warp factors A, C obey the following system of first-order differential equations:
A˚′ =
1
2
tan θ
1− sin2θ e2(A˚−C˚)
2− sin2θ e2(A˚−C˚)
C˚ ′ =
1
4
sin(2θ)
e2(A˚−C˚)
2− sin2θ e2(A˚−C˚)
1 + L−8e8A˚
1 + L−8 cos2 θe8A˚
.
(2.12)
The NS flux is written in terms of the RR fluxes as before,
B2 = β +
1
F0
F2, (2.13)
where β is some closed 2-form. The dilaton is given by,
e2φ =
g˚2se
6A˚
1 + L−8 cos2 θe8A˚
. (2.14)
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The RR fluxes are given by,
g˚sF0 = −L−4,
g˚sF2 =
e2C˚−4A˚
cos θ
V j − e−2A˚Z1(dΨ+A) ∧ dθ,
g˚sF4 = L
−4 e
4C˚
2
Vˆ j ∧ j + 2L−4e2A˚+2C˚ cos θZ2j ∧ (dΨ+A) ∧ dθ,
g˚sF6 = −3e
4C˚−2A˚
2
sin θf(θ)j ∧ j ∧ (dΨ+A) ∧ dθ, (2.15)
where we have again defined V = (1 − sin2 θe2(A˚−C˚)), Vˆ = (2V − 1), Z1 = (sin θ +
2A˚′ cos θ), and Z2 = (cos θA˚
′ − sin θ).
The massless limit consists in taking,
L→∞ ; g˚, A˚, C˚ → finite . (2.16)
Taking this limit in Eq. (2.12) we see that the warp factors obey the system,
A˚′ =
1
2
tan θ
1− sin2θ e2(A˚−C˚)
2− sin2θ e2(A˚−C˚) ,
C˚ ′ =
1
4
sin(2θ)
e2(A˚−C˚)
2− sin2θ e2(A˚−C˚) .
(2.17)
It is worth pointing out that the system in Eq. (2.12) could also be studied perturba-
tively around the point L =∞, along the lines of [22]. This is akin to the perturbation
provided for explicit examples in [26]. The meaning of turning on a Romans mass was
established to be dual to choosing, in the context of ABJM, a non-vanishing sum of
Chern-Simons levels [27]. It would be, therefore, quite interesting to study the system
in Eq. (2.12) more generally.
The system in Eq. (2.17) admits the following analytic solution
A˚ = C˚ = −1
4
log(2(1 + cos2 θ)) + A0 , (2.18)
where A0 is a constant, which also gives,
f(θ) =
1
1 + cos2 θ
. (2.19)
5
The metric is as in Eq. (2.10), which is manifestly independent5 of L,
ds210 =
e2A0√
2
√
1 + cos2 θ
[
d̂s
2
(AdS4) + ds
2(B4) + 1
(1 + cos2 θ)2
dθ2 + sin2 θ(dΨ+A)2
]
.
(2.22)
The RR fluxes F2 and F6 are also manifestly independent of L, as given in Eq. (2.15).
They can be written explicitly in a manifestly closed form,
g˚sF2 = −e−2A0d
[√
2(1 + cos2 θ)
1
2 cos θ(dΨ+A)]
g˚sF6 = −3
2
e2A0d
[ 1√
2
(1 + cos2 θ)−
1
2 cos θj ∧ j ∧ (dΨ+A)] . (2.23)
Moreover we have F0 = F4 = 0 in the massless limit, and also H = 0.
6 Finally, the
dilaton is given by,
e2φ = g˚2se
6A˚ , (2.24)
as follows from Eq. (2.14). This background can be thought of as arising from a
dimensional reduction of AdS4 ×M1,1,1 along the φ1 angle and was studied by Petrini
and Zaffaroni in [22]. The non-Abelian T-duality of this background was presented
in [17].
2.2 The Killing spinors and supersymmetry
We now proceed to explicitly present the supersymmetry of the background of Eq.
(2.1) and its massless limit. The SU(3) structure in the massless limit is constructed
5Note that under the coordinate transformation,
cos θ =
cos t√
1 + sin2 t
, (2.20)
the metric takes the form,
ds2
10
= e2A0
√
1 + sin2 t
2
[
d̂s
2
(AdS4) + ds
2(B4) + 1
2
dt2 +
2 sin2 t
1 + sin2 t
(dΨ +A)2
]
, (2.21)
which, after a rescaling of the Ψ coordinate, matches the metric presented in [17, 22].
6Note that Eq. (2.6) is no longer valid in the massless limit: For nonzero Romans mass the F2
Bianchi identity can be used to solve for H , leading to Eq. (2.6). On the other hand in the case of
zero Romans mass the F2 Bianchi identity reads dF2 = 0 and does not impose any constraints on
H . In other words Eq. (2.6) should simply be discarded in the massless limit, and be replaced by the
condition that F2 is closed.
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as follows. First we define a complex one-form K and a local SU(2) structure (j˜, ω˜),
K = eA˚
[
idθ
1 + cos2 θ
− sin θ(dΨ+A)
]
,
j˜ = e2A˚ (sin θℜω + cos θ j) ,
ω˜ = e2A˚ (cos θℜω − sin θ j + iℑω) ,
(2.25)
where A˚ is given in Eq. (2.18), j is the Ka¨hler form of B4, ω := e2iΨωˆ, and ωˆ is the
holomorphic two-form of B4 which satisfies,
j ∧ ωˆ = 0 ; j ∧ j = ℜωˆ ∧ ℜωˆ = ℑωˆ ∧ ℑωˆ ; dωˆ = 2iA ∧ ωˆ . (2.26)
Then one can construct an SU(3) structure (J,Ω) onM6 given by,
Ω = iω˜ ∧K ; J = j˜ + i
2
K ∧K∗ . (2.27)
As noted in [18] there is a one-parameter family of SU(3) structures onM6, which are
obtained from Eqs. (2.25), (2.27) by θ-independent SO(2) rotations in the (ℜω,ℑω)
plane. These rotations act nontrivially on the almost complex structure of M6 (and
thus on the Killing spinor, as we explain below) while leaving invariant the metric and
the fluxes of the solution. The upshot is that the background possesses a one-parameter
family of Killing spinors associated with the SO(2) family of SU(3) structures gener-
ated by Eq. (2.27), consistent with the N = 2 supersymmetry of the solution.
The Killing spinor is obtained as follows. We first note that associated to an SU(3)
structure onM6 there is a (generally non-integrable) almost complex structure which
can be constructed out of ℜΩ alone [28],
Im
n =
1
24
εnp1...p5 ℜΩmp1p2ℜΩp3p4p5 , (2.28)
where εp1...p6 is purely numeric and the normalization constant was fixed by imposing
Im
pIp
n = −δnm. On the other hand there is a correspondence between almost complex
structures and Weyl spinors, up to complex multiplication.7 The (positive-chirality,
internal part of the) Killing spinor of the supergravity solution is precisely the Weyl
spinor associated to the almost complex structure Eq. (2.28) which is, in its turn,
induced by the SU(3) structure.
The way to explicitly construct the spinor associated to an almost complex structure
is described in some detail in e.g. [29]. Here we will outline the main steps. Let us
7More precisely, on a 2n-dimensional Riemannian spin manifold M2n there is a correspondence
between almost complex structures and line bundles of pure spinors. However, for n ≤ 3 every Weyl
spinor is pure.
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define a holomorphic/antiholomorphic projector with respect to the non-integrable
almost complex structure, [
Π±
]
m
n :=
1
2
(δnm ∓ iImn) . (2.29)
Correspondingly, we define holomorphic/antiholomorphic gamma matrices as follows,
γ±m :=
[
Π±
]
m
nγn , (2.30)
with γm := em
aγa, where γa are gamma matrices in flat six-dimensional space
8. From
the definition above it follows that,
{γ±m, γ±n } = 0 ; {γ±m, γ∓n } = 2
[
Π±
]
mn
= gmn ∓ iJmn . (2.31)
The Killing spinor η is then given as a solution to the algebraic equation,
γ−mη = 0 . (2.32)
Starting from the SU(3) structure in Eq. (2.27) and following the procedure de-
scribed above, a family of solutions to Eq. (2.32), parameterized by one real parameter
p, can be shown to be the following:
η =
1
α

1 + sin θ sin 2Ψ + p(sin θ cos 2Ψ + i cos θ)
p(−1 + sin θ sin 2Ψ)− sin θ cos 2Ψ + i cos θ
−p cos θ + i(1 + p sin θ cos 2Ψ + sin θ sin 2Ψ)
− cos θ + i(p(−1 + sin θ sin 2Ψ) + sin θ cos 2Ψ)
p(−1 + sin θ sin 2Ψ)− sin θ cos 2Ψ + i cos θ)
−1− sin θ sin 2Ψ− p(sin θ cos 2Ψ + i cos θ)
− cos θ + i(p(−1 + sin θ sin 2Ψ)− sin θ cos 2Ψ)
p cos θ − i(1 + sin θ sin 2Ψ + p sin θ cos 2Ψ)

. (2.33)
The value of the normalization α is given by:
α = 2
√
2
√
1 + p2 + 2p sin θ cos 2Ψ− (p2 − 1) sin θ sin 2Ψ,
and it ensures that η†η = 1. Of course the solution to Eq. (2.32) can only be determined
up to complex multiplication: it gives rise to a one-parameter family of spinor line
8In constructing the explicit Killing spinor solutions, we will use the 6d gamma matrix basis,
γ1 = σ0 ⊗ σ2 ⊗ σ1, γ2 = σ0 ⊗ σ2 ⊗ σ3, γ3 = σ1 ⊗ σ0 ⊗ σ2,
γ4 = σ3 ⊗ σ0 ⊗ σ2, γ5 = σ2 ⊗ σ1 ⊗ σ0, γ6 = σ2 ⊗ σ3 ⊗ σ0.
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bundles which should correspond to the SO(2) family of SU(3) structures generated
from Eq. (2.27) in the way described above. The (internal part of the) full Killing
spinor is given by Θ = ceA/2η, where c is a complex constant and A is the warp factor.
Clearly, the Killing spinor Θ depends only on the spacetime coordinates θ and Ψ which
are coordinates of the S2 fiber.
It is intuitively clear that if we dualize along directions on which the Killing spinor
does not depend, we will preserve supersymmetry. In our case the Killing spinor is
independent of the coordinates (θ2, φ2, ψ) defining the SU(2) isometry on which we
dualize; we can conclude that supersymmetry is preserved after applying NATD. This
is precisely the claim made in [17] to argue for the supsersymmetry of the background
in Eq. (3.1). A way to make the intuitive argument regarding independence of co-
ordinates rigorous was first presented in [5]. Clearly, what is required is to turn the
coordinate-dependent statement into a tensorial, coordinate-independent statement.
Indeed, [30] established that the supersymmetry variations after T-duality are related
to the variations before T-duality through the Kosmann spinorial Lie derivative, which
vanishes when the Killing spinors are independent of the T-duality directions, thus
providing a rigorous basis for the intuition alluded to in our reasoning.
For the Killing spinors in the massive case we follow a very similar procedure to
the one above, but with the following modification to the local SU(2) structure forms,
K = eA [if(θ)dθ − sin θ(dΨ+A)] ,
j˜ = e2C (sin θℜω + cos θ j) ,
ω˜ = e2C (cos θℜω − sin θ j + iℑω) ,
(2.34)
where ω := eiζ(θ)e2iΨωˆ with f , ζ functions of θ which we do not need to specify explicitly.
This case possesses dynamic SU(3) structure, therefore there will be two independent
spinors η1, η2 on M6 corresponding to the two SU(3) structures constructed from
Ω1 = iω ∧K, Ω2 = −iω∗ ∧K. The (internal parts of the) full Killing spinors are then
certain θ-dependent linear combinations of η1, η2. In the following it will be convenient
to define τ := ζ(θ) + 2Ψ.
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An explicit solution to the massive Killing spinor Eq. (2.32) is given by,
η1 =
1
α1

1 + sin θ sin τ + p sin θ cos τ + ip cos θ
−p− sin θ cos τ + p sin θ sin τ + i cos θ
−p cos θ + i(1 + sin θ sin τ + p sin θ cos τ)
− cos θ + i(−p− sin θ cos τ + p sin θ sin τ)
−p− sin θ cos τ + p sin θ sin τ + i cos θ
−1− sin θ sin τ − p sin θ cos τ − ip cos θ
− cos θ + i(−p− sin θ cos τ + p sin θ sin τ)
p cos θ − i(1 + sin θ sin τ + p sin θ cos τ)

. (2.35)
The normalization α1 is given by
α1 = 2
√
2
√
1 + p2 + 2p sin θ cos τ − (p2 − 1) sin θ sin τ .
The second, linearly independent, Killing spinor solution is,
η2 =
1
α2

−1 + sin θ sin τ + p sin θ cos τ + ip cos θ
p− sin θ cos τ + p sin θ sin τ + i cos θ
−p cos θ + i(−1 + sin θ sin τ + p sin θ cos τ)
− cos θ + i(p− sin θ cos τ + p sin θ sin τ)
p− sin θ cos τ + p sin θ sin τ + i cos θ
1− sin θ sin τ − p sin θ cos τ − ip cos θ
− cos θ + i(p− sin θ cos τ + p sin θ sin τ)
p cos θ + i(1 − sin θ sin τ − p sin θ cos τ)

, (2.36)
with normalization
α2 = 2
√
2
√
1 + p2 − 2p sin θ cos τ + (p2 − 1) sin θ sin τ .
As it is clear form the explicit expressions Eq.’s (2.35) and (2.36) the Killing spinors
in the massive case are also independent of the coordinates along which the NATD is
performed and thus supersymmetry is preserved in the massive dual solution, which
we will present in section 3.2.
3 Type IIB Backgrounds from Non-Abelian T-duality
The non-Abelian T-duality procedure has been utilized to generate many new super-
gravity backgrounds. Its application to the background in Eq.’s (2.10) - (2.15) consti-
tutes one of our main results. Hence, a brief review of the procedure (specific to the
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dualization along SU(2) isometries) [7] is included for the benefit of the reader.
Essentially, the non-Abelian T-duality procedure is a generalization of what is done in
Abelian T-duality. A 3-step Bu¨scher procedure is applied to a 2d string σ model whose
target space possesses a non-Abelian isometry group. Throughout the paper we will
assume SU(2) so that the NS sector fields can be written as,
ds2 = Gµν(x)dx
µdxν + 2Gµi(x)dx
µLi + gij(x)L
iLj ,
B = Bµν(x)dx
µ ∧ dxν +Bµi(x)dxµ ∧ Li + 1
2
bij(x)L
i ∧ Lj (3.1)
where µ, ν = 1, ...7 and i, j = 1, 2, 3. Here the Li’s are Maurer-Cartan forms, which
are writen explicitly in Eq. (2.5) above as σi. We will write the Lagrangian density
succinctly as,
L0 = QAB∂+XA∂−XB, (3.2)
where A,B = 1, ..., 10 and
QAB =
 Qµν Qµi
Qiµ Eij
 , ∂±XA = (∂±Xµ, Li±) , (3.3)
with
Qµν = Gµν +Bµν , Qµi = Gµi +Bµi, Qiµ = Giµ +Biµ, Eij = gij + bij . (3.4)
The first step is to gauge the SU(2) isometry by changing derivatives to covariant
derivatives and introduce gauge fields. Next, one needs to ensure the gauge fields
are non-dynamical and can be integrated out, therefore, the second step is to add
a Lagrange multiplier term to Eq. (3.2). Three new variables (corresponding to the
dimension of SU(2)) are introduced in the form of Lagrange multipliers, vi. Eliminating
the angles of SU(2) and adopting the three Lagrange multipliers as new coordinates
is a convenient gauge fixing choice. Step three is to integrate out the gauge fields to
obtain the dual Lagrangian density,
Lˆ = QˆAB∂+XˆA∂−XˆB, (3.5)
where we can read off the dual components of QˆAB from,
QˆAB =
 Qµν −QµiM−1ij Qjν QµjM−1ji
−M−1ij Qjµ M−1ij
 , ∂±XˆA = (∂±Xµ, ∂±vi) . (3.6)
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We have additionally defined Mij = Eij + fij, and fij = α
′ǫ kij vk. The dual metric
and Bˆ2 are the symmetric and antisymmetric components of QˆAB, respectively. The
dilaton transformation is given by
Φˆ = Φ− 1
2
ln(
detM
α′3
). (3.7)
The transformation of the RR fluxes is formally quite elegant, though in practice
can be cumbersome. First, a bispinor is constructed out of the RR forms and their
Hodge duals, (in Type IIA):
P =
eΦ
2
5∑
n=0
/F 2n, /F p =
1
p!
Γµ1...µpF
µ1...µp
p (3.8)
Next, we construct a matrix Ω defined by,
Ω =
(Γ1Γ2Γ3 + ζaΓ
a)Γ11√
α′3
√
1 + ζ2
, (3.9)
with ζa = κaiz
i, where κ and z are determined by the original geometry and Lagrange
multipliers by κaiκ
a
j = gij and z
i = 1
det κ
(bi + vi). Finally, the dual fluxes simply arise
from inverting Ω:
Pˆ = PΩ−1. (3.10)
3.1 NATD of Massless Limit
In this section we present the background resulting from applying non-Abelian T-
duality along the SU(2) isometry defined by the σi in Eq. (2.5) on the background
given by Eq.’s (2.22) - (2.24). This background was originally presented in [17], but we
present it here to match our notation and normalization conventions for convenience.
As argued in section 2.1 above, the background is manifestly independent of the scale
L. We will continue to use the notation introduced in that section, noting that the
explicit form of A˚ is given by Eq. (2.18) above. The α′ terms are introduced by the
NATD via the Lagrange multipliers, vi. We have chosen NATD gauge fixing vi → mxi,
transformed to spherical coordinates, (ρ, χ, ξ), and conveniently fixed m = 3
8
.
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The NS sector of this background is
dˆs
2
= e2A˚ds2(AdS4) + e
2A˚(3dµ2 +
1
(1 + cos2 θ)2
dθ2)
+
4e2A˚ sin2 θ cos2 µ
Q
dΨ2 +
3
4M
e2A˚α′2 sin2 µd(ρ sinχ)2
+
81
4096∆
[
e4A˚ρ2 sin4 µ sin2 χ
α′Q
dξΨ2
+
(
α′3/2ρ2 cosχ sinχ√
M
d(ρ sinχ)−
√
M
α′
d(ρ cosχ)
)2]
,
Bˆ2 =
81e2A˚ρ2 sin2 µ sinχ
8192Q∆
dξΨ ∧ dρχ+ 3α
′ sin2 θ
2Q
d(ρ cosχ) ∧ dΨ,
e−2Φˆ =
∆
g˚2se
6A˚
, ∆ =
27e2A˚ sin2 µ
1024α′3
[
4e4A˚ sin4 µQ+ α′2ρ2K
]
, (3.11)
where we have defined the following one-forms,
dξΨ =
(
Qdξ − 4 sin2 θdΨ),
dρχ =
(
ρKdχ+ cosχ sinχ(Q− 4)dρ
)
,
dθµ =
(
Z1 sinµdθ − 2 cosµ cos θdµ
)
, (3.12)
and included the following definitions,
Q = 4 cos2 µ+ 3 sin2 µ sin2 θ,
K = Q cos2 χ+ 4 sin2 χ,
M = α′2ρ2 cos2 χ+ 4e4A˚ sin4 µ. (3.13)
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The RR sector contains all of the fluxes, given by
g˚sFˆ1 =
9e−2A˚ sinµ
32
√
α′
[
cos θ sinµd(ρ cosχ)− ρ cosχdθµ
]
,
g˚sFˆ3 =
9e−2A˚
√
α′ρ cosµ
32Q
[
3 cos θ sin2 θ sinµdµ+ 2 cosµZ1dθ
]
∧ dρ ∧ dΨ
+
729ρ3 sin3 µ sinχ
262144
√
α′Q∆
[
cos θ cosχ sinµdχ− 4 sinχdθµ
]
∧ dρ ∧ dξΨ
−27e
2A˚ cosµ sin3 µ sin θ
4a(θ)α′3/2
dθ ∧ dµ ∧ dΨ
−729e
4A˚ρ sin7 µ sinχ
65536α′5/2∆
[
dθµ ∧ d(ρ sinχ) ∧ dξΨ
]
,
g˚sFˆ5 =
27
√
α′ρ
64
dVol(AdS4) ∧ dρ
+
9e4A˚ sin3 µ
16α′3/2 sin θa(θ)
dVol(AdS4) ∧
(
2 cos θ sin2 θ sin µdθ − a(θ)2 cosµZ1dµ
)
−729e
4A˚ρ2 cosµ sin5 µ sinχ
65536α′3/2a(θ)∆
[
6 sin θdθ ∧ dµ ∧ dρχ
+a(θ) sinµ
(
3 cos θ sin2 θ sin µdµ+ 2 cosµZ1dθ
) ∧ dρ ∧ dχ] ∧ dξ ∧ dΨ,(3.14)
where a(θ) = 2(1 + cos2 θ).
As noted in [17], this background has singularities generated by the NATD at µ = 0
and at µ = pi
2
simultaneous with ρ = 0 or χ = 0. Analogous to what happens in Abelian
T-duality, the singularity at µ = 0 is produced by the collapsing cycle in front of the
SU(2) isometry direction before the duality, as can be seen from Eq. (2.4). The other
singular locus {µ = π/2, ρ = 0} or {µ = π/2, χ = 0} is certainly milder.
Finally, we examine the behaviour of the metric and fields near the µ = 0 singularity.
In this limit we find for the NS sector,
ds2 ∼ e2A˚
[
ds2(AdS4) +
dθ2
(1 + cos2 θ)2
+ sin2 θdΨ2 +
3
4ν
(
dν2 +
e−4A˚
2
dρ2
+ν2
[
sin2 χ(dξ − sin2 θdΨ)2 + 1
ρ2 cos2 χ
d(ρ sinχ)2
])]
,
e2Φ ∼ 256e
4A˚
27νρ2
, B2 ∼ 3
8
[
sin2 θ cosχdρ ∧ dΨ− ρ sinχdχ ∧ dξ
]
, (3.15)
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where we have defined ν = µ2 and set α′ and gs to 1. Eq. (3.15) is consistent with the
general form of NS5-branes9, up to a factor of ρ2 in the dilaton. As explained in [31],
this factor arises from the differing volumes of the original and NATD submanifolds.
Thus, we determine that the µ = 0 singularity is due to the presence of smeared NS5
branes, common to NATD-generated backgrounds.
For completeness, we additionally present the RR Fluxes near µ ∼ 0, which simplify
to,
F1 ∼ 9
32
e−2A˚
[
ν
(
cos θd(ρ cosχ)− ρZ1dθ
)
+ ρ cos θ cosχdν
]
,
F3 ∼ 9e
−2A˚ρ
124
[(
3
2
cos θ sin2 θdν + 2Z1dθ
)
+
3 sinχ
32
(
ν
(
cos θ cosχdχ− 4 sinχZ1dθ
)
+ sinχ cos θdν
)]
,
F5 ∼ 27ρ
64
dVol(AdS4) ∧ dρ. (3.16)
It is worth noting that [32] provided known examples where the 6d SCFTs dual to
massive Type IIA NS5, D6- D8 brane constructions have been studied in full detail.
On the supergravity side these models can further be shown to contain AdS4 as a
subfactor of AdS7. The appearance of the AdS4 further signals a dual 3d CFT theory.
The analysis of this type of 3d CFT is beyond the scope of this work, but we hope
that a more fundamental description of our solution in terms of a brane box picture
will very likely mimic that of [32] with the appropriate dualities included.
3.2 NATD of Massive Case
In this section we present a new Type IIB supergravity background resulting from the
application of a Non-Abelian T-duality with respect to the SU(2) isometry defined by
the σi in B4 above, on the background given by Eq’s (2.10) - (2.15). We continue using
the definitions for A˚, C˚ given in Eq. (2.9). Note that we have set the closed 2-form
from Eq. (2.6), β = 0 for simplicity.
9Type II NS5 branes are described by,
ds2 = −dt2 + dx21 + ...+ dx25 +H(dx26 + ...+ dx29)
e2φ = H, H = H(x6, ..., x9), ∇2H = 0
where H is a harmonic function of the coordinates transverse to the branes.
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The NS sector of the background is given by,
dˆs
2
= e2A˚ds2(AdS4) + e
2A˚f(θ)2dθ2 + 3e2C˚dµ2 +
4e2(A˚+C˚) cos2 µ sin2 θ
Q˜
dΨ2
+
3
4M˜
e2C˚α′2 sin2 µd(ρ sinχ)2 +
81e2C˚ρ2 sin4 µ sin2 χ
4096α′Q˜∆˜
d ˜ξΨ
2
+
81
4096 cos2 θ∆˜
[√
M˜
α′
cos θd(ρ cosχ) + e−4A˚
(
2L4
α′3/2
sinµ
√
M˜dθ˜µ
−
√
α′
M˜
ρ sinχ
(
e4A˚α′ρ cos θ cosχ− 2e2C˚L4 sin2 µV )d(ρ sinχ))]2,
Bˆ2 =
81e−4A˚ρ sin2 µ sinχ
8192α′ cos θQ˜∆˜
[
2e2C˚L4 sin2 µV Q˜d(ρ sinχ)− e4A˚α′ρ cos θdρ˜χ
]
∧ d ˜ξΨ
+
3α′
2Q˜
(
e2A˚ sin2 θd(ρ cosχ) ∧ dΨ+ e
−4A˚L4
cos θ sin µ
dθ˜µ ∧ d(ρ cosχ)
)
+
81e−8A˚L4ρ sinµ sinχ
2048α′2 cos2 θQ˜∆˜
[
− 2e2C˚L4α′ sin2 µV Q˜dθ˜µ ∧ d(ρ sinχ)
+e4A˚α′2ρ cos θdθ˜µ ∧ dρ˜χ
]
e−2Φˆ = e−2φ∆˜, ∆˜ =
27 sin2 µ
1024α′3
(
4e4C˚ sin4 µQ˜+ α′2ρ2K˜ + B˜
)
, (3.17)
with e−2φ defined in Eq. (2.14), and we have defined the following one-forms,
d ˜ξΨ =
(
Q˜dξ − 4e2A˚ sin2 θdΨ),
dρ˜χ =
(
ρK˜dχ+ cosχ sinχ(Q˜− 4e2C˚)dρ),
dθ˜µ =
(
e2A˚ cos θ sinµZ1dθ − 2e2C˚ cosµV dµ
)
,
dµ˜θ =
(
e2A˚ cos θ sinµZ2dθ − e2C˚ cosµdµ
)
. (3.18)
We have additionally defined
Q˜ = 4e2C˚ cos2 µ+ 3e2A˚ sin2 θ sin2 µ,
K˜ = Q˜ cos2 χ + 4e2C˚ sin2 χ,
B˜ = 1
e8A˚ cos2 θ
(
4e2C˚L4Q˜ sin2 µV (e2C˚L4 sin2 µV − e4A˚α′ρ cos θ cosχ)
)
,
M˜ = ρ2α′2 cos2 χ+ 4e4C˚ sin4 µ+
B˜
Q˜
. (3.19)
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Note that in Bˆ2, we have omitted a total derivative term that naturally appeared in
the dualization procedure.
Before we present the RR sector of the background, we would like to make a few
comments about the massless limit. As mentioned above, we can easily track terms
that vanish in the limit with the scale L. Since NATD inverts terms present in the
isometry direction (analogous to the R→ α′
R
in a simple case of Abelian T-duality), it
would seem natural to take L→ 0, and g˚, A˚, C˚ → finite in the massless limit. This is
true for ∆˜, as it reduces to ∆. In addition, the metric and B2 of Eq. (3.17) reduce to
that of Eq. (3.11). However, the dilaton does not obey the limit because it retains the
term defined in Eq. (2.14), which requires L → ∞ in order to reduce to Eq. (2.24).
Since this is contradictory, we conclude the massless limit does not seem to exist after
applying NATD. This could be expected, given that NATD is a non-trivial, generally
non-invertible transformation. For similar reasons, we will not expect the RR fluxes to
reduce to Eq. (3.14). We will now turn to their presentation.
In the following we will define,
P˜1 = (e
8A˚ cos2 θ + L8V 2),
P˜2 = (e
8A˚ cos2 θVˆ + L8V 2). (3.20)
Then the RR Fluxes take the form,
g˚sFˆ1 =
9
√
α′
64L4
ρdρ+
9e−8A˚+2C˚ sin3 µ
16L4α′3/2 cos2 θ
[
L8V dθ˜µ− 2e8A˚ cos2 θ(dµ˜θ + 2e2C˚ cosµV dµ)],
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g˚sFˆ3 =
9e−2A˚+2C˚
√
α′ρ cos2 µZ1
16Q˜
dθ ∧ dρ ∧ dΨ
+
243e−18A˚+8C˚ cosµ sin9 µP˜1Z1
2048α′9/2 cos4 θ∆˜
(
L8Q˜V 2 + 3e10A˚ cos2 θ sin2 θ sin2 µVˆ
)
dθ ∧ dµ ∧ dΨ
+
9e−6A˚+2C˚ cosµ sinµ
8L3α′3/2 cos θQ˜
[
α′e2C˚ cosµ sinµ(L8V Z1 − 2e8A˚ cos2 θZ2)d(ρ cosχ)
−e4A˚ cos θ[e4A˚α′ρ cos θ cosχZ2Q˜− e2C˚L4 sin2 µ(2(4e2C˚ cos2 µ+ Q˜)V Z2
−3f(θ) sin θQ˜)]dµ] ∧ dθ ∧ dΨ
+
729e−4A˚+2C˚L4ρ3 sin3 µ
262144
√
α′ cos θQ˜∆˜
[
8 cosµV Q˜(e2C˚ sin2 χdξ + e2A˚ cos2 χ sin2 θdΨ) ∧ dµ
+ sinµ sinχ
(
4e2A˚ cos θ sinχZ1dθ − V Q˜ cosχdχ
)
∧ d ˜ξΨ
]
∧ dρ
− 243e
−8A˚+2C˚ρ2 sin3 µ
131072L4α′3/2 cos2 θQ˜∆˜
[(
3e2A˚ cos θ sin2 µ sinχ(2e8A˚ cos2 θZ2 − L8V Z1)dθ ∧ d ˜ξΨ
+6e2C˚ cosµ sin2 µ sinχQ˜P˜2dµ ∧ dξ
)
∧ dρ˜χ− 3e2C˚ sin3 µ sinχQ˜P˜1dρ ∧ dχ ∧ d ˜ξΨ
+8e2A˚ cosµ cosχQ˜
(
L8ρ cos θK˜V Z1dθ − 3e2C˚ sin2 µ sin2 θ(2L8V 2 + P˜2)dρ
)
∧ dµ ∧ dΨ
]
+
243e−14A˚+6C˚ cosµ sin7 µ
4096L4α′7/2 cos4 θ∆˜
[
3e2C˚ sin2 µ sin2 θ
(
2L8e8A˚ cos2 θV 3 + L16V 4 + e16A˚ cos4 θVˆ
)
dµ ∧ d(ρ cosχ) ∧ dΨ+ L8ρ cosχ cos θV Z1
(
4e2C˚ cos2 µ(P˜1 + 2L
8V 2)
+3e2A˚ sin2 µ sin2 θ(3L8V 2 + e8A˚ cos2 θ(4V − 1)))dθ ∧ dµ ∧ dΨ]
+
243e−12A˚+3C˚Lρ sin5 µ
65536α′5/2 cos3 θQ˜∆˜
[
3e2A˚ cos θ sin3 µ sinχV Q˜(2e8A˚ cos2 θZ2 − L8V Z1)
dθ ∧ d ˜ξΨ ∧ d(ρ sinχ) + 6e2C˚ cosµ sin2 µ sinχV Q˜2P˜2dµ ∧ dξ ∧ d(ρ sinχ)
−24e2A˚+2C˚ cosµ sin2 µ sin2 θV Q˜( cosχP˜2d(ρ cosχ) + 2V P˜1dρ) ∧ dµ ∧ dΨ
+8e2A˚ρ cosµ cos θ
(
3e8A˚+2C˚ cos2 θ sin2 µ sin2 χQ˜(2V Z2 + Z1Vˆ )dξ
+
[
L8V 2Z1Q˜(3 cos
2 χQ˜ + 4e2C˚ sin2 χ) + 3e10A˚ cos2 θ sin2 θ sin2 µ
(
cos2 χVˆ Z1Q˜
−8e2C˚ sin2 χV Z2
)]
dΨ
)
∧ dθ ∧ dµ
]
,
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g˚sFˆ5 =
27
√
α′
64
ρdVol(AdS4) ∧ dρ+ 9e
−4A˚ sin µ
32L4
√
α′ cos θ sin θf(θ)
dVol(AdS4) ∧[
− e2C˚(3L8f(θ) sin θV − 2e8A˚ cos2 θZ2)
(
sin µd(ρ cosχ) + 2ρ cosµ cosχdµ
)
+e2A˚ρ cosχ cos θ sin θ sinµf(θ)(e8A˚f(θ) sin θVˆ + 3L8Z1)dθ
]
+
9e−8A˚+2C˚ sin3 µ
16α′3/2 cos2 θ sin θf(θ)
dVol(AdS4) ∧
[
2e8A˚ cos2 θZ1dµ˜θ − 3L8f(θ) sin θV dθ˜µ
−2e8A˚ cos θV (e2A˚f(θ)2 sinµ sin2 θ(V − 1)dθ + 4e2C˚ cosµ cos θZ2dµ)]
+
729e2A˚+4C˚ρ3 cosµ sin3 µ sinχ
131072L4
√
α′∆˜
[
− 8 cos θ sinχdθ ∧ dµ
+cosχ sinµ
[
3 sinµ sin2 θVˆ dµ− 4 cos θ cosµZ2dθ
] ∧ dχ] ∧ dξ ∧ dρ ∧ dΨ
−729e
−2A˚+4C˚ρ2 cosµ sin5 µ sinχ
65536α′3/2 cos θ∆˜
[(
12e2C˚ cos θ sin θf(θ) sinχd(ρ cosχ)
+3 cos θ sin θ cosχ
(
e2A˚ sin2 µ sin θVˆ Z1 − f(θ)Q˜
)
d(ρ sinχ)
−8e2C˚ cos θV Z2((1 + cos2 µ) cosχ sinχdρ+ ρ(cos2 µ cos2 χ + sin2 χ)dχ)
)
∧ dθ ∧ dµ
+e2C˚ sinµ(3 sinµ sin2 θV 2dµ− cosµ cos θ(Z1 + 2V Z2)dθ) ∧ dρ ∧ dχ
]
∧ dξ ∧ dΨ
+
729e−6A˚+6C˚ρ cosµ sin7 µ sinχ
32768L4α′5/2 cos θ∆˜
[
3L8f(θ) sin θV Q˜
+L8
(
4e2C˚ cos2 µV − 6e2A˚ sin2 µ sin2 θ(V − 1))Z1
+
(
8L8e2C˚ cos2 µV 2 − 2e8A˚ cos2 θQ˜)Z2]d(ρ sinχ) ∧ dθ ∧ dµ ∧ dξ ∧ dΨ. (3.21)
For this background we have verified that the Bianchi identities dF1 = 0 and dF5−H3∧
F3 = 0 are satisfied, which together provide non-trivial checks that this background is
indeed a solution.
The singularity at µ = 0 is present here, again due to the collapsing cycle before
duality. Additional milder singular loci are defined by the zero’s of ∆˜ in Eq. (3.17), one
at {µ = π/2, θ = 0, ρ = 0} or {µ = π/2, θ = 0, χ = 0} being an obvious example. The
brane interpretation in the massive case is conceptually similar to that of the massless
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case in Eq. (3.15). Near µ ∼ 0, we find,
ds2 ∼ e2A˚
[
ds2(AdS4) + f(θ)
2dθ2 + sin2 θdΨ2
]
+
3
4ν
[
e2C˚dν2 +
ν2e2C˚
ρ2 cos2 χ
d(ρ sinχ)2
+
ν2 sin2 χ
e2C˚
(e2C˚dξ − e2A˚ sin2 θdΨ)2 + e
−8A˚−2C˚
4 cos2 θ
(
2L4(e2A˚ν cos θ cosχZ1dθ
−e2C˚ cosχV dν) + e4A˚ cos θ(cosχd(ρ cosχ)− sinχd(ρ sinχ))
)2]
,
e2Φ ∼ 256e
6A˚−2C˚
27νρ2(1 + e
8A˚ cos2 θ
L8
)
,
B2 ∼ 3
8
[
e2(A˚−C˚) sin2 θ cosχdρ ∧ dΨ− ρ sinχdχ ∧ dξ
]
−3L
4e−8A˚−2C˚
8νρ cos2 θ
[
e2C˚ρ cosχV
[
2e2C˚L4ν sinχV dχ− e4A˚ cos θdρ] ∧ dν
−2e4A˚+2C˚ν2 cos θ sinχV (e2C˚ sinχdρ ∧ dξ − 2e4A˚ρ cosχ sin2 θdχ ∧ dΨ)
+e2A˚νρ cosχ cos θZ1(e
4A˚ cos θdρ− 2e2C˚L4ν sinχV dχ) ∧ dθ
]
(3.22)
Note that the first line of B2 above has precisely the same structure as in the mass-
less case. This indicates that the NS5 intepretation is also at play here. However, as the
other terms indicate, there are potentially other NS5 extended in different directions.
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The RR Fluxes simplify considerably near µ ∼ 0:
F1 =
9
64L4
ρdρ,
F3 =
9e−2A˚−2C˚ρZ1
64
dθ ∧ dρ ∧ dΨ+ 9e
−6A˚
32L3 cos θ
[
e2C˚ν(L8V Z1 − 2e8A˚ cos2 θZ2)d(ρ cosχ)
+2e4A˚+2C˚ cos θ(3f(θ) sin θ − e4A˚ρ cos θ cosχZ2)dν
]
∧ dθ ∧ dΨ
+
27e−4A˚−2C˚L4ρ
256 cos θ
[
e2C˚V (e2C˚ sin2 χdξ + e2A˚ cos2 χ sin2 θdΨ) ∧ dν
+ν sinχ(e2A˚ cos θ sinχZ1dθ − V e2C˚ cosχdχ) ∧ (e2C˚dξ − e2A˚ sin2 θdΨ)
]
∧ dρ
+
9e−6A˚+2C˚L4ρ cosχV Z1
32 cos θ
dθ ∧ dν ∧ dΨ,
F5 =
27ρ
64
dVol(AdS4) ∧ dρ+ 9e
−4A˚
32L4 cos θ sin θf(θ)
dVol(AdS4) ∧
[
−e2C˚(3L8f(θ) sin θV − 2e8A˚ cos2 θZ2)(νd(ρ cosχ) + ρ cosχdν)
+ν2e2A˚ρ cosχ cos θ sin θf(θ)(e8A˚f(θ) sin θVˆ + 3L8Z1)dθ
]
(3.23)
+
729e2A˚+2C˚ρ sinχ
3456L4
[
cos θ sinχdν + ν cosχ cos θZ2dχ
]
∧ dθ ∧ dξ ∧ dρ ∧ dΨ.
4 Conclusions
We have constructed a new solution in Type IIB with an AdS4 factor and all fluxes
turned on. By explicitly constructing the Killing spinor of the seed solution and fur-
ther exploiting an important result about the independence of the Killing spinor on the
coordinates along which we perform NATD we were able to establish the supersymme-
try of the background. Our arguments hold for both the massless case, as previously
argued in [17], and now for the massive case.
Given the work on AdS4 compactifications of IIB on manifolds with local SU(2)
structure [16], it would be extremely interesting to cast our background in this mold.
NATD acts on pure spinors, written as polyforms, via the matrix Ω, which is also used
to construct the dual RR fluxes. Typically it transforms the pure spinors from SU(3)
structure type to SU(2) structure type in the dual via /Ψ
SU(2)
+ = i /Ψ
SU(3)
− Ω
−1, /Ψ
SU(2)
− =
21
/Ψ
SU(3)
+ Ω
−1 [33]. We would expect to see an explicit mapping between the SO(2) family
of SU(3) structures to an SO(2) family of SU(2) structures after the NATD, similar
to what was shown in [12]. At the moment, simplification of the dual pure spinors
into a practical form has not yielded significant results, given the shear size of the
background. We, nevertheless, hope to return to this task in the future as it might
shed some light on this class of backgrounds.
Finally, it would be interesting to study the field theory dual to this class of solu-
tions. Much progress has been made in understanding the field theories dual to the
NATD’s of AdS5 × S5 [34] and a reduction from M-theory of an AdS4 background
preserving N = 4 [31]. It is possible that the ”completion” (as defined in those refer-
ences) of the NATD backgrounds presented here fit into some N = 2 SUSY version of
the N = 4 class presented in [31]. There are, however, many new ingredients in the
solutions we have constructed here. The brane configuration setups in [31, 34] hinged
on the fact that the B2 generated from the NATD contained a 2-cycle, on which the
quantity b0 =
1
4pi2
∫
S2
1
B2 is constrained to be bounded in the interval [0,1]. Identifying
a similar 2-cycle in our case is not obvious, so it is at present unclear to what extent
the arguments used in [31] can be generalized to our case.
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